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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element with high brightness and 
long life. 

SOLUTION: The organic electroluminescent element 
comprises a transparent positive electrode 2, a negative 
electrode 5 facing each other, and a plurality of light 
emitting units 3-1, 3-2.. .3-n. Respective light emitting 
units are separated by electron generating layers 4-1, 4- 
2,...4-n composed of at least one layer. The electron 
generating layers are made to function as electric 
insulation layers having specific resistivity of 1.0 x 102 Q 
x cm, preferably 1.0 x 105 Q x cm. 
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(b) ^ry-^7'5:>"ft;-a-#»tie'ft;S^Rjt£:{c < toT 
*«r»!MiflE*#rtL5 5*« (&*&s-et>> tut 

s>5„ E3ii, s3ia<o (a) (b) f$.ft<nmmfr 

jtm^(c*jlt -5 S^-X I/* -/KZ)#tt Sr^tlfc 93 HI T? fc 
•5. 04tt, HUfficD (a) J*#£ (b) sJ^Wjl 

fe5o 

[0020] $<bjc, s#5i^asr#^-r^2as<o{k 

m&X-ti. KS800~2000n m<Oja#^M«t-K 
m-SmX-lt* &S 800~2000n mWifi#^^{C 

[0021] m5 ry — s ^it&vox-ibz 2 - 

TNATA, o-NPD, * f cj - T A DRV* fn - 
NPBi, V2O5 (5«ft^t^l?i) <D^iv^ix*3!h 
•CW®t|X^-<^ h/w, &t*£-T y — A'T 5 istt&Vnb 5 

OEI^tj^fe^tfcfJ, T V —*>T 5 Wt^St/ 5 
■fc/<-*-5>* A|±, *34-eii«* 800~2000nm 

-g-fet sie-fb/^v^'J'Airw^-e-^ji, if 800-2 

0 0 0 n m<D&mt\-mi$.\C®%te 

612. 2-TNATAt 4F-TCNQ<7? j 5-iv J t*ix¥3S 
^St/M-a-^OSHX^^^ b/l'^^L, 07li, a-N 
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PD£Re20'7 (7®tffc2l^?A) <T)U^<D^^ 
h^^^-fo HI 5 ~HI 7 Lfc^-Zg^cD^HX^ 

T, $ 3 nmttttlM. f~ * #i£*fl-ii6«l£ 8 0 0 n m 
~2 0 00nm<D&ffil£ftSiJ£ttT*;tK #3gW#e><0 

[0 0 2 2] **S9lK*SI^-C. rsgft^ y h J £ |4, 

«, mm) /&%m/ im® . (w» 

(fttt) , (8MB /*-/HHSJI/*B 

ft^/m^ffc&s/ (mi) , (no /*-^ftA« 
fc-fco-ctwo&iivc, ant (2<@w±) #aEi-5t©-e 

[0023] BHtwrnt UTtt, HRftfctttt*MR 

«. Mg, C a t?COT/U* y ±&&JR, EuW±« 

1 , Ag ( I n if**** Ml*. *fc, * 

-tfS^SftfcttlMlfrJl^**** WHfl 0-2 7 
0 17 1 #ffl200 1-102 1 75 

M#e>*S!|*ffl¥l 1-2 3 3 2 6 2*&4UUMtH2 0 
00-182 7 74 #^Wlcn« LfcSffifc&JS LT, 

KStgI^S&JR. #J;itf, A 1 . Zr, Ti, Sift 



IOTA'S =!7 #R*t*0>»£» ft 

[0024] * fc, mmnmxt&t u-m, wiawisHt 
#j;ttf> i to (-fx*?*.* --r-rmtm % i 
zo wvs^a-bimmmm <tif«>isw*m«-»«: 

[0 0 2 5] £<bt£, ifcHi:<*38Mff)AS#l2 0. 

0 1- 1 4 2 6 7 2 4WM»#fcB* Ufc^ifc* JBV*"C I 

{c±o-cfr54§^li> S(fiEi:ls)«(ci|#BB¥l 0-2 7 0 

1 7 l-t^«-Cffi*$ixT^5^JRK-ifv^$*vfcW 
«l®^«^ttAS»-ffl^tvtf«F5E<DI TO^I ZO<D«fc 
5 *aW*«tmSrBMi«-«-»c«[ffl-*-5 wit 
got, l^ffiWi^affiSrSWi: UT (#WRt>tt 

SflffcffiJfcSU ±j£<0-«ttfc#»EL£^<D»-g-i: 

-C, *K«lc-C»4/i<fiKJBIffiffil*»e>3tS:i 9fc*-T«itt> 

[0 0 2 6] *^^(0^T«6E LlR^tt, *fl^J-r*^«m 

^-yhdSl. 0X102Q- cm«±, »*U<tt 
1. 0Xi0 5 Q-c mtliWitfittSr^rsm^^ 
® (c J: o TttS hfrX t , RMi^WitmoilSl. 

Ttt«3|Eao#liEL*TF--ei£<*]ffl*ix-C#*:^*P© 

[0 0 2 7].«rL^*^«Ja4:*P*-a**W©#tiEL 
*OjS-ca*©#»EL#-T-i:H:*#<*ftS 

(=10 0%) -cfoofc^s, *%WtcJ;5^«ELIft^- 

(h+) aAtt^rtK^itwff*^* (t>u 
?gfi84g ©issfia Km-ti m tmatt z %m#*m<Dffi 

fift-rSWtt^lSW^S^ (fcKHLUMO. . . * 
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[0 0 2 8] t>*>5/^ ^SffltlELfftt, «« 
JSAfl-lil. OxlO^-cmHi, »*b<»il. 0 
X l 05Q • cmEl±Witfi*t^*-r5^tt#)KW^ 
xmf&Ztix^^Ziciytotib-r^ ««Ml£f±&£Sa>*- 
iEL*Wi(» (n<S) . \M3\\Z-W$LZfrK.fr<DZt 

£$ft5SftflT# (Vn) V>mi (V = V1+V2 + 

+ Vn) t 5fc-C, 

Se3tEW^EL^c0ftJ^T-$>?)i:$tuT#fcl 0VK1 
T-e<0{£mjI^i()f±» mt=L-y hcOgc (n) riSit^S 

[0 0 2 9] ^ttlcfc^^^r, #3S9!<E>W8SE Lf|i^ 
li, S£5f5»^#EL*^-i:it|SsUTV^<o*^gEte.'S?r 

w-TSo s-r, ^§j^^r«iELig^o»«i4, 

(^®)«JE-e«:^<) ««**fcRJfc«U t¥oTii5» 

[0030] ifc, *5l^*«EL^ro|^ffii:|®« 

«EL^roKnfg(C/«ci3, ^rCD (H3fc^- s> FO) j@ 
*clc»JIRlifc^©-e» SffiraJKJ¥©IK)[Efcfc<^. 
*T#E L$^©fffiTOiS 1 u mSrSx^v^w 

(J: UII^IClimii2 0 0 0 A (2 0 0nm) EtTTfe 
ofc) , ^id®aE*S2 5 VWTti)5r iSr^iS<fc L 

fc, «3tESWWBEL*^-i:ttH45Wit*i-5. (W 
iEk o d a kiftPF. #HBS5 9- 1 9 4 3 9 3-5§~&$B, 
#WfBg6 3-2 64 6 9 2 -§-^$8, #W2-1 559 
5-§-4t$fi, #H4#ff84. 5 3 9, 5 0 7-§-^iWaS> IrI 
»4. 7 6 9, 2 9 2^-WiWS, PJIfH , 8 8 5, 2 1 



1 #WiNBS#fiS) 

ims^m^j* (w/w) ©fflcT*r« 

h Sr*ffiP.3]K:#£$-ttr£ irfg#Jfl«}®£ (turn o 
n Vo 1 t a g e) ^fcB&nfgf £ 9 > ft-oX^H® 

mznztzibvnjziiti&nmtKZAK tt&m (mm 

(w/w) tt^bL^v^itc^^c 
[00 3 1] ISft^.-s' htf*»#«E-f 

cD^rtSEL^cDffl^fiJ^i: LTIi, m*M1&<Dfem 

h UHi LfcV***EL*?--T?tt, y V 

Karate *S#$rdEt;fc»^f±> 
t/ioTLt?^ *l8W©*«lEL^»»-g-H:Si« 

t>, Mtdtfti U-C»*^ttfc9 , & 

[00 3 2] ^rWtetc, **<E^ b y ^ **ig<0 

S*«E L*^ ©SW-lcit^-C** < (&«T-# 51 £ S: 

SrS*b (5 Vtl 0 0 0 c d/m 2 ©»f S:#?>^5 

5 o v-ci o o o c d/m 2 ©air#?>n5 

m**it%i\,X, BM1&mzX.<oXi votttHTiWi 

[0 0 3 3] Sfc, B*lc*:ffia**&-K3tfe'*-5#4 

ELfg^tCtJ^Ttt, %Mffift> WclTO^fCft^$ 
lx*aWt|«»J|*«>ifc«tft (~1 0-4Q • cm) I*, ^ 
JS<0tb«fit (~1 0"6Q • cm) KJf«T2«fS«KV^ 

ICffi6«BE (V) (fcU<l±«»E (V/cm) ) 
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[00 34J *^Mi-tJ^^m#5l*®WitSet 
141. OX 1 02Q • cmJ£l±, $?£L<lil. 0X1 
05Q • cmW±iE^lHHCI TOft^O£S^±*m 
(~10-4Q• cm) <fc9 fc«5^ililil,^^<Dt(0$r 

[00 3 51 B8I1 *|gMro-Hi6«8«T*ifo5*«lE 

®«2, F3-1, ^^4-1, 31ft 

a=5'h3-2 < ^ST3S£«4-2 

&£.l§4- (n-1) , ^tt^;/ h3-ni&9iig$ 

Of) «9*>. (3§fl£«) U S9il!§«« 

®2, SBt^-S'h (3-n) (fcfc*Ln=l, 2, 3 

) . wsmm 5 li^ftwu^i-efo , vam» 1 . 

0 X 1 02Q • c m^±©«^Wite»tt«J««f564S 

(4-ii, fcfc'Ln= 1 , 2, 3 ) \Ci.^Xi±®b 

tlft&ftlt*-- y h (3-n, fcf:Ln= 1 , 2, 3- 

•••) #«m. mwm\c&&r&&#*&m<ommE 
[oo36] *t«e L*^tt, mn*m<z>#ot£ 

5«^±^4-nttmfi|-eH:^V^^ H^mH^ftK 
UT^5*^-ftA mm MbX-A-iiA (!&&) «W 

[oo37] mz.tts &nM®*£m 4 - n ^b^nm* 

(6]^m^aA4r-f-5^{cH:, ffrMV 1 0-2 7 0 1 7 1 
^SK>4#PB 2001-102175 ^mcfflTFZtl 

161" 5 &JR i <o Jg-a-S f> fc 5 S^- a A J§ £ 5 <r> & 

nfeiigi^iA^isro^e* ±ia 



Gmit^VUZZtLXO. 1~1 0-CfeSOdS»*Ll\ 
-tf^/Ht^O. l*fjfCI*, K-'^Mc<fc9&7c 
Sftfc^ (KIT, Stc^) K-t' 
>-^Sbm^h^<, l 0fS5r^x.?>i:, WoK-^v 

mm&mmci&T-tzvx. v-\?>?<o%i&hT&'y 

[0 0 3 8] ^3t^-j/htt, 

ffldic^-rs^t ux, ta-* d&jr, tv^* y ±£&ji 

^5nmtlT, jfJUHO. 2 ~ 5 n m<DMfrbt£Z> 

m-^xm^-t^m^xiboxh z.<r>mm&5 

nm£fi;i5i:, %<r>m&mim'P lt Li 5 £ lf?)B$ 
L<#1\, *fc, 5 nrntlT^^^-f-S^ 

[0 0 3 9] 4fc«9Jxtf, 3-S#f8£S4-n*>blS&S 
«*(6UC«^aA-T5ISIC«, #W¥l 1-2 3 3 2 6 
2 ^'AM&lim 2000-182774 (^^ 

s#fF^ 6396209 &mmx •■ j . e 

ndo, T. Matsumoto, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 
(2002) pp. L800-L803) \Z (*5§W# 

btcfco-t) w^^ixT^smT-aA^sr, m^^m 
n&mj^zMTi-tzmz&bttmtisfrx. 1. o 

X 1 0 2 Q • c mEl±<Ditffifei&^-r5i(fe^k^(- 
(^ff5 ir«A^WJC|il 0 nm 

WTO^ffSrS*b, ^^-IS5c^JgwKJ»^ 10nm% 

TLt?„ ) 

[0 0 4 0] 4fc«RJxii±E<o r^o»KJC4ric«j I- 
j*^, %±m&m'{ 

ffi. (#ffi¥ 11-233262 2 0 0 0 
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- 1 8 2 7 7 4-5§-2rffi) fCga«$tlT^5^r«^JR«§* 

xh^\ 

[0 04 1] ±.m<r>ftm¥- \ 0-270171 

^*K>*MB 2001-102175 ^43t*R, ftfflW- 1 
1-2 3 3 2 6 2^S^#M20 0 0-182774 

mfcxmftftme 39620 v>m 

«ffl»C) * T ftfflW- 10-270171 ^$8^13 2 

001-102175 <D&m k— t'^ym&ffiMs&mx 
(&&m*mmm t l-o a©bx\ &#-ic#M¥i 

1-2 33 2 6 2 -f-^ffi^g?? 2000-182774 

t\ ICS/i, Sfc5*-<:7V>m^aA (H&) «Sri 
*a-C^ffl1-5rtt?, «£<D*«6ELi$H^|5£«K«-t- 

2002-27365 6 ^*fflSlCf£iiW£fe LTfcS. 

(©nffifin) {c&-rz<Dt± r^w 

[0 0 4 2] *fc*»Jxli, #S*?fSg£Jl4-n 
1-251067 ^SB^BSJ 2001-244079 

4§ft„ MJfl43OnmeiTii-5(D^0*L<, 0. 5 
~3 0 nm©iii:t50^S U\ l^@^3 0nm 

[004 3] m^SSttfb-a-^J *&{b£4&) i: L 
2Wi. 3tfcm2&, J^bT/u-:- =-7A, JiffcT/l'?^ 



3 'Wb'f >v"7^. Sig-fbTV^V, 5 7-y-fbBt 
3 7^-fbli^ro«^b-&^DDQ (v'v'T/- 
v^nn^y;/) , TNF (b!)ihn7/Utwy 
V) . TCNQ (fh7->7/*y'^^y) , 4F- 
TCNQ (7 1 h77;l'tD-7 1 h7 > >'7;*;^^ 

Am^<o^m^¥ot s^s^tt-fb-a-^ (K-'-^Mb 

tf)*/Ht3M*> =fr^b^^U-C0. 0 1-1 
0OT«Sffl-efc5W^«F*LV\ K-^hoit^O. 
0 l*j?|T*fc5i: K-'O He <t 9 ®Hb£*vfc#^- (Ul 

t, ^b^T-t^-rsrt^fes) <Dmmtm&z\ k 

-t , ^^ro^^s/h$<, l 0fg£i@x5i:, BII^K 

[0 0 4 4] *^*S*^fi!c1-5#J®Ott*Bi 
JWU. 5 e V«±-Cfcixli, »JS*^SStt{b-&^i 
(Mxmit&m 5:tfflUf<Tt, S-^-yh 

tc»LT*-/H£A^iig&^a 5 fc5 <> itfcigte, mm 

[0 0 4 5] *&W\cmi<^Z>&%=L~-y Hc*jv-C, 

^^-/uSA^Sr^ffl-r^ri: fe#S„ t^>5A/, 

/WSA^ Sr* ©s * #s^ffl-r 5 ^ t &X-Z 5. 
[0046] *&m<DmmE L$^©MWtt, ts* 

x-nyv-zxictiFmifrfrv ifciSfiB^^WiR- 

<&m 2001-153367 ^*fflSlC43^Xti^ Ufc 

g*) 1 0 0 5:i /5S-C# So 
[0 0 4 7] *|g^©*«lEL^&fllfi£-t-S* 

r^iS^b^roft^K^^ffl-rs^a-il, 
{cio-c, (^0T-^b^^p>w)iJiill^mHT') 
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1ftfa9->f y h£x/<y*3HI (#12 0 0 1-1 4 2 
6 7 2^W*iS#R8) *5S^wS^*g©m»c 

[0 0 4 8] S«±Kj*l8l£;ix5:£T<OE^ ^ 

5336 7^wm&&m) . 

(0 0 4 9] #$89j<0*r«SELKl^-l4, ftjfctf)* 

Wk^\.x\,^<o^±^ti^m.Xh^i)-h. 

m^h%m^nm^x<D%^mm^x \/A^<n% 

ifr&fg (XX (2n-l) /4. fcfc'U n=l. 2, 
3 ) XhZftKWih-&%im<r>ftft8 i mZ'&Z>Z.b& 

[0 0 5 0] La»U #389!#?>li, tiJWW^BB 2 0 0 
1-1 0 2 1 7 5*&«HC*JlfVC, ftKiftlgffiJCg^-* 

<0#l^-a-^«r^lc^flxtf , ISJ?£ 1 n mS£K 

fc„ A^ictt, Km^aA^w^jgff^i/4«tS 

WBS^fg (A. X (2n-l) /4, fcfc'U n=l, 
2, 3 ) \Cf$t.1Z.£ftX^Xnmi*%<t£Zb, 58 

< ft 9 . l / 4 fcgroB&flS&fg ( X x 
(2n) /4, fcfc'U n=l, 2, 3 ) £R£$ 



[00 5 1] ^oJ:5<t«*JL.v^***BW 

«ElMI««*|6l»C#«E-r5'>4< £ 
[0 0 5 2] TISHJiS«»JIC*LfcJ;9{C, #3§9i 

[0 0 5 3] 

-CV^S, 7k^StbT-*^ffl Lfcfi£JK^=^-CR TM- 
800 0 (ULVAC (B*Xg&Wtt) 11) ^ffiffiU 

(Tencor)ttfiPl 0ttSf^S^ff^fflV>fc o |R 
^OKHMWBItH:. ^-^W- (KEITHLEY) tt 

JES:0. 2 V/2g>ro®^"C^7 1 s'7'W^APL-C, « 
JEi^l^m^WftXl/S^MSrai^Ufc. EL 

[0054] ssiey i (f6*ro««E L^tof^KCT- 

cD*«EL*^S:TIBW«t9fcUTf^SlL.fc. 

/□©i to w^s?^A--riT»ft*, teffi^ttaa^ 
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10 co (a) #f&) . z<n±\c &®®f8.mm&m-*x 

2 40 [@10© (b) ) Sr^UT*-^«l^4?r*-r 
6a-NPD£ 1 O -6 t o r r TT* 2 A/^OsfcifigK 
-?7 0 0 Atf>J?£t£Ji£JgLT, *-/viM6 5:^L 

Hfc7] 




■zmztizbvx J7Y) T^$.~trj»m 

ft. («T> Al qi:B&i5-t-2)ri:dSfc5) UteUft 
5:?^ y ^Sf^tt Cffip°«* : C 5 4 5 T 
(KODAKttf!) ) w<0^3tfemiSlfii:%roS 

« i t£ 5 x 5 <nm^M§L^wm LT 4 0 o A<om 
sicri«ufc. strie553ts 7 <o±ic &js (c 

s) ^K-eVj/^ttfcmiP-ttA^S t LT, TIE*: 
Ufc8] 




^JhS^y^/n-l' vt&JS-fcv'S'A (Cs) Sr^e 
/Ht-c l : l bttZii. o oi£#&&&i§S 2 

ooA©f$i:s^Lfc. mmwms 1 Lxmm 

M4Sv^^4 1 (01 00 (c) #RB) Sr^-LT 
A 1 £s&#j£« 1 0 A/8»-C 1 0 0 0 AomZ L 
fc. rWlS(C«toT55^««. 8J0. 2cm < « 
0. 2 cmCOjE^tti&S C01OCO (d) #fi8) . 

8IE Lfji^lCio^T, ^ffi«ffitfc5ITOtiM« 
-CfcSA 1 tcoffiKl, KJKmjESr^DL-C, 3S3fc/I (A 
1 q : C 5 4 5 T©#H&»Jf ) a>b<Di&fe3§#;<Df£#tt 
£8!l£Lfc„ 02 1, 02 2&tf0 2 3t©O^D 3/ h 

*jve*v. rcoig^ (sm^D <omm (cd/m 

2 ) -®E (V) ttttftA (mA/cm2) -«jE 

(V) flmESA* (c d/A) -SI«E«« (mA/ 

cm2) 5r^-r^7 7-Cfc?>. £ 0*?0>JBftn 

*6S£EI4 2. 2VVh^1to 
10 0 5 5] 2 (ftftOftlftE L3H?-©ff»«- 

"C, S/-MStt2 0Q/DO I TO W i^fr* ■ ■*-** 
8Mb*, ^SH^tt»^^V^^»o a n) iWBME/^-^lc 
="-h$tvC</>5 [Hi 00 (a) #RB] . ^<D±lc^- 



«i«MI^^^4 0 CHlOro (b) ) ZfrVT 
^-/HSJjUttSr^-rS^fn-NPB*! 0" 6 t o r r 
T"C, 2 A/$>CD3£ifig&-e8 0 0A©J?£K:j*JRL 

a<D±IC, 51*® 1 0 t UTTE* : 

Hk9l 




-e^iT-S^fn-DPVB i 3:, 2 A/g><D3Ss*j££ 
TMOOAwffSfcjfcfllUfc. acK, WCIBjUll 0<£> 
±»c»m«sji iH3«lc, &m K-fy^aAi 1 1 
fcLT, /<y^yn-fyt4It->!?A (Cs) 
itt?l : 1 ifc3±5fc#*«****«MPttLT2 0 
0A©J»SfcriWU*:. *IC, iSt«5i:LTii^ 
Igffi&JS-^** 4 1 (H10O (c) Jtjg) £:fl-LTA 
1 tiRMKSft 1 0 A/&-? 1 0 ooAfflfSltUfc. 

z<nx.mcs:^x&ftmmi*mo. 2cm, «o. 2 c 

mWjE*^t^5 [010(7? (d) #HR] o #ibitfc 

Lfc„ rro^rtfcELstmcfci^-c, MlitJbSiT 

T, 38ftSl0 (^fa-DPVBi) 
cD|f#f<fe£:«!lJtL;fc. 02 4, 0 2 5ST/0 2 6 
T'B^Mi, ^<r>m=f- (S*«2) <oJS* 

(c d/m2) -®E (V) «Jft«« (mA/c 

m 2) -®E (V) *H±, SfltStl* (c d/A) -«tt 
(mA/cm2) 7T? r^ifi^O 

(005 6] S^3 (^3tE©#»ELKi^Wf^t!W- 
Ell 2lC^L.fc»g«ii**i-6Se 

f^siL-fc 0 ^7^s«i±ic«, mmmw%.m2kL 

T, ->-h«0t2 0Q/DCDI TO W^^-tf 
ife-fb^, Jifi^ttil^^s/^^*fi) sPBrS^^-^fc 
3-b$tbT^5 C01OW (a) #RS) . ^Wit^T 
m%>l&l&Ri&mirX? 4 0 (01OC9 (b) ) Sr^LT 
^-^ISiUftSr^-rSa-NPDSrl 0-6 t o r r T 

t?, 2A/#co^5ff3i*-e7 o oAomzKf&mi-x. 
x-'i'tfimm 1 2 ufc„ <5cj-, «HE*--M(ia6Ji 

C0±|C, 1 3 i: UTA Ut, 

-CfcSDCJTB (KODAKthU) S:, 
*s l t /i5 J: 9 fc#* o3K*Xft«rntt U 

T4 0 0A<oj?$l£ritl8lLfc„ gfetc, Mia^Jt^l 3± 

\cwm 1 1 ^js k— f^^m^ttAS 1 4 1 

LT, /<y^yn-C^i:^:JBirv"?A (Cs) Sr^e/Ht 
"C?l : 1 i/<t6J:5l£#*cDsgitfiig£i3«LT2 0 0 
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m&m-?**4 1 (@10© (c) #fi?J Sr^-LTAl 

oA/s>-ei oo oAwJl^HitLfco r 

©Igl:<totS)t^li«[0. 2c m> «0. 2cm 

(0iE*»*i*S (iioo (d) #R8) „ '#f>ixfcfii 

■f. rco**|ELl!l^-lcjav>T. I TO 

3g3t® (A 1 q : DCJTBro*lfi) H*b<»&&& 
*©WH*tt*r»^Ufc. 02 4, 0 2 5&t*02 6<p(0 
+ 7 , nybH:. *Jl«l., rcD^ (»iS0ij3) (0»£ 

(c d/m2) -«E (V) «Ht, (mA/c 
m2) -«E (V) Wt, ««Sb* (c d/A) -*K 
(mA/cm 2 ) S:*-r^77tffc5. 

[005 7] ffcfcfll 1 (SlSf|g^*S V 2 0 5 ( 5 »fty< 

si 1 3 fc*TO«*a**r*-s**ww*iiE Lif* 
njtr*. mmwi tmcm#-e. chioo (a)) 

«^»ricJ8lffl^JS^^^4 0 (010(0 (b) ) 
T, ^iiyh3-l*fi£iU„ -r^*3*>, a-N 
PDS6 0 0 A, Alq:C545T=100: lOf 
5:4 0 OA, s<Vf7u>( ^ir&JRirv^A (Cs) co 
^^S:2 0 OAoff £{Og#:ricJ&L*:„ Jfclc, 
JK V-\f^ifm<0±.\Z.im^^MA- 1 t UT, V 2 0 5 
(5^tyCA) Sr. J&Kj$£2 A/fJ>T-l 00A 
(OffSlcj&BlLfc. r(OSffi3g£Jf fcW^j&glffl&JB 

(010© (b) ] ST^LTf&JgLfco & 
K» : HSWfflMv^^4 0 (01O(O (b) ) (O 

-2^SLfc„ a-NPD£r6 0 0A, A 

lq:C545T=100: 1 (»4it) <OS£4 0 0 

A. ^y^rT-w a ( Cs ) <»&&m* 
2 0 0A(OffSfC, IH&j&JglLfcc |^ffi««5 
t U-CH1S^ffl^iB^^^4 1 [HOW (c) ) £ 
fl- LT, A 1 %m%Mm 1 0 A/g>-C 1 0 0 0 A (Off $ 
t-J&jtU (010(0 (d) ] L 
SlUEL^iSfc. !Jn:SfcJ:oT«3te«»4« 
0. 2cm, «0. 2 cm(OjE*^i:^ofc 0 CKO* 
«EL**fc*iV*-C, RUSmSTfeS I TOiRH£®S 
T*>3A1 ioHJfc, itiSSjESrEpJtaLT, 3§ftS (A 
1 q : C 5 4 5 TW&^/l) ^fe(0*tfe^(0^#tt 
SSUSLfc. 02 1, 02 2&tf02 3^<DUzfu y Y 
li^^tv, w(0^ (Xttflll) (cd/ 
m2) -«E (V) W£, (mA/cm2) -« 

IE (V) 4«4 % «Sfc&* (c d/A) -«Jit*« (mA 
/cn>2) Sr^-t-^7 7-efe5 0 r©*^F-©»*H)i*« 
JE«4. 4Vffc9, «*0iJl(O^(O*>± 5 ir.*2fg(0 



o-Ctt«Je>ixT2<a#ft-r?)r(0*«EL«^tt, 
ft^*) AS, 2fgj£<JC*#<|6j±Lfc„ Z<om* 

mmmi) «. 5Wy<ty>i. (v 2 o 5 ) 
•astt» : ?'"e*»*Ty-A'T5 wk-s*, «-NPDi 
(o^^rax-^bSTcS^i- «t LT 

1^5 (V 2 05 _ +a-NPD + ) <fc#;t<b*V, 5 ®Mty<-*- 
(V 2 0 5 ) ^i: o-NPD^(0#®d5m^*S 
i: LT&fELTl^. »<bixfcift^-<03§3t*-'<^ 
01 6lc«^T?^-r o 3gft^^ Wt-SSg-fSt, S 
igflsjKO;*.^ h/wt SUfeJS, h/KO^ 
ttWdtX9M 1 t ifc«5E LtfT Ml < &o fc„ rtvtt, 2 
o<o38ft=.= y Kort, fcfljtefifcRLfcafca-^y h3 
- l frt><D&%itfem-?EM£ti>s ^(OBWSTOgiWft 

Lfcfcfc<o, ^^j*lcJ:5i:#xf>H^ 
[00 58] ^%M2 («ffi«£g#:fr8M&0>*;&^* 
tfSftT^S*?-) 

r(03H6#j-ett, 01 4K^i-«/I18&£:;rf 5*559! 
(0#«IE 1 b KtfRflMc, 

(01O(O (a) ) \Z7F\^ttffife'<*-l<'\Z.^—\-ZiX 
I TO±»C^T^^ffl^JS^^2?4 0 (010 
(O (b) ) Sr^-LT, ^?t3.= 3' b3-l£rj5£J&Lfc. 
t^*>, tt -NPD?:700A, (A 1 q : C 5 4 5 
T=l 00 : 1) (O^Sr4 0 0A, /<y 
m-bi"}J* (Cs) <Ojg-^gS:2 0 0A(Off$lC)ffl^ 
life, ffilB^a K-trv^JlOiKWW**)! 

4-lt UT, TiBit : 

I^ki o] 




-C*$tv-5 4F-TCNQSr^JKii«l A/#T-2 OA 
(Off*JC^Lfc 0 2-TNATA (^K- 

^k#$!) « l A/#t? 5 o A<off $ L 

z.<Df&ffi#>km^mviimm&m-?'*9 a o (0 

10<O (b) ) ^LTfiJtl^Ufco fttC, 
^JS-^^^4 0 (01O<O (b) ] (044, itirxE<oig 
Srt 5-««fe9 5SLT5l)t3-=s/ h3-24rfife^Ufc 0 
t^*>, a-NPDSrTOOA, (A 1 q : C 5 4 5 
T = 1 0 0 : 1) (OS St 4 0 OA, rtVVfvj 
m-ti"}-!* (Cs) (OS-a-JiS:2 0 0A(OJ9$|C, Jfflifc 

X?4l (010(0 (c) ) Sr^- LT, A 1 S^^ii* 
10A/g>t'10 00A<Df$l:If L, (010(0 
(d) ) (C^Lfc/^-VS*-r5#SIEL^^S# 

fc. mT.m\c£<>x?&%mm*t&o. 2 Cm , «o. 2 
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SmjESr^DLT. &%m (A 1 q : C 5 4 5 T<0*I 
mm) *»&©»&*ft«>IS'»tt*:WJ£Ufc. 021, IS 
2 2&tf0 2 3<P<D + 7*d y Hithfji, C<0^^ 

mn&M2) <nm& (c d/ m 2) -as <v) wt, 
®sft&* (mA/ cm 2) -®e (v) ws, 

(cd/A) (mA/cm 2 ) ^-tify7 

ttfc54F-TCNQt *~A4ft£ttr 'J -*7S^ 
^■e*)4 2-TNATA©P5*«»?-We«W»ib« 
#&J&!$.LX^Zb%z.hixZ><OX (4 F-TCNQ" 
+ 2-TNATA+) , 4 F-TCNQii 2 — TNA 

r ©**-Cf4IWt= 3 0 c d /m 2 0 . 1 

2 mA/cm 2 ) fi£jj»f>8i>«r K«Bft*#T««o-C b 
ftffiMEtfO. lmA/cm 2 IS«T««5 
ffl-Cfe^tf, *S5S«ft«l*-C2 5. 6cd/Ai^5. 

[0 0 5 9] 3«60ij3 ( 2 flOJSft^ ? h^lSft*^ 

l±tOi, Gg«j§Wmffi2 LT, ~>-hfi*t2 0Q/ 

□<d i to w vv^^a • -r-rm<t®. mm+tm*'* 
vfm%&) imfe^fi-w^-hzhx*^ (eh 
o»(»i ##.) . ^<d±^p>, mmm2 tmcm^x 
mmto&mm&imi'x* * o (@io« (b) ) 

T *-/U^iS<45r^-r 5 fIf2<D n-NPB (COV 
I ONHJg) =Sr 1 0-6 t o r r TT% 2 A/fi><D^ig 
aT*8 0 OAtDJf^K/fcJgLT, %it=--y h 3 - 1 <D 

fc. f§ft^= y h 3 - 1 tf>#fe$8#JI t LT«91S<D^ e 
o-DPVBi (COVION*tH) Sr. 2A/fJ>coij 
<Piift'C4 0 0A<DJ*$IC^L > $^>IC, /^Jiffn 

-o-t&m-ti"}-!* (cs) <nm>Gm*2 o o A(dj?$ 
Kriatut. 3ws«itrat<, s*tri8&»4- 

lirLT. V 2 0 5 (5«|y<t^!>A) ?:> )*J8Ij$«2 

a/s>-c i o o k<nw z tc Ail ufc„ w <onm^±m h 

t«WM«?^^4 0 (01 00 (b) ) 
TfiKJSiLfc. h3-2©*-^»Sf 
irL-C, S2p^j3tl^D< a-NPD^7 0 0A(Oi?$ 
tefiWU Sibfc, #&S8ftJIt LTA 1 q£, #fe38 
3t*3tfe^-Cfc5DC J TB (KODAKttSU) Sr. r 

# i mm%v>femt j; 5 nm^'M 

*«rW*LT4 0 0A©**te/«gtLfc o £f>lc, S« 
#Jtl3i:<^y^/n^>'i&Jii-trv'?A (Cs) wig 
^1*2 0 0A<DJ?$(C^Lfc o RMM8S5 



t uri*«riMtfflA«-v^ ^ 41 (0 1 0 cd ( c ) # 
IS] S^bT. Ai^ltMioA/^-CioooA 
<nm&M%Ltz„ :oiitJ:oT*A9«tt*o. 2 
cm, «0. 2 cm<DjE;^#<t&3 (01 0« (d) 

X. ttttttffi-CfcS I TOi:iSHSfi)5A 1 fccoffl 

&mmEEZ$itol,tzk 2 oco?§ftsa> 
fe. *feSfe3S)t (tfv^M© »5>ix 
fcUi^ (0 3 9 (b) ) <D38ft:|*fig£^-t-^X*r0 3 9 
(a) iC^-f,, #^-(OK»tt«r8B*Lfc. 02 4. 0 2 
5X^2 6^(00^0 y hfl-tn-Ptt* (S 
mCij3) <0»* (c d/m 2 ) -«E (V) tt% 
(mA/cm 2 ) -SJ£ (V) (c 
d/A) -WttSK (mA/cm 2 ) Sr^-f ^7 
5. r<D§g^«f§ttlIflteSEte4. 8VT?*>ofc„ 

►)> mmm2<omi- (2. 6v) ts«P^j3<oiR^ 

(2. 2V) ro^3tM*&SJBEWfPi;^oXV^„ 4fc> 

rroig^- (nite^)3) <Di&&hmMMi kmmK, sm 
it'^-rwj* (V2O5) ir^-zviitt^-cfesry 
->vr % v-ft-a-fe, o-NPDi (o^ra-e^-fbs^s: 
m^£%nM®wimm^*&\^x\,^ (v 2 o 5 -+a- 
NPD + ) bnx.hu, Bmtt*-r<s9± (v 2 o 5 ) « 

10 0 6 0] mmM4 (3<B^*3--j/ 

^nw^«{iSii«si 1 i: p c«s#-e. fflioco 

(a) ] IC^LfcM^^-^t-^-^^^t^S I T 
0±^H^lfiE^ffl^JB^^^4 0 (E10CO (b) ) 
Sr^-UX, ^3t^-- y h 3- 1 Sr^bfc. -r^t?*?, 
a-NPDSr700A, Al q : C545T=100 : 
lcoIt600A. /^y^/n^ Vt^ja-fei/^A (C 
s) (Om^M^l OOAcOJ?^^)®^. 3tSccoa«tCJ5£ 

4-ltlt, V 2 0 5 (SWW^j'A) Sr. 

*fc*a*/*«iflMfcji^** 4 0 (0iow (b) ] i 

(01 0W (b) ] jffl£Broia£rt.5— 
5gLT^3t3--3' b 3- 2, ^^.^s' h 3 - 3 SrJSft 

E0W»Ca-NPDA-e>«fig$^5^-^J^e 
«IKJ!:£3 ooA, 500A, 7 o o A©3aSl-^»t 



(17) 



^¥15-272860 



3tferoS«lC^JX^r*na-NPDSr3 0 0 A, 5 00 
A, 7 00A> Alq:C5 45T=100:l (S* 
it) ©15:6 00a, ;<V vk&MfcWJ* 
(Cs) <om&m* i o oAc9J?:$jcMI#:j£JgL.x, % 

LX, V 2 0 5 (5»b^S?^A) £, J*Blii*2A/ 

s>-c3 o oA<Dj?$icj*j&Lfco *u-ct o—uwt-f 

n-fe^Srift 1 3iSLfc. -f-fr:b*>, o-NPDS-300 
A, 500 A. 70 0A, Alq:C5 4 5T=10 
0 : 1 (ftfttt) ©I5:6 00A, ^y^yo^yt^ 
jR-fcv'^A (Cs) <nm&m* l o o AroJ?£lc>l#:fifc 
iLt, &%=^-y Y 3-3£$J&bfc 0 ft&K, &4f 

(c) ] Srtf-LX, A 1 4rsS»5t«l 0 A/f}>X 1 0 0 
0A<Dl?£fcj£*U C®10<D (d) ) 

^*£li»E0. 2 cm, HIO. 2 cm©jE*J?ti:/fo 
fc 0 rcO^TfilE Ll^H^OX, l£«S®X$>5 I TO 

(A 1 q : C 5 4 5 T<D#s&^JI) *»5><0»fe56 
3t<O^ttSra0^Lfc. 0 2 7, M 2 8 2 9 

&-rzmwm& u d/m2) -«be (v) wt. * 

MEttlt (mA/cm2) -SUE (V) flflSu *SKSb* 

(cd/A) -tm&& (mA/cm2) S:it/7 7 
X£>5. 0 2 9lC*$iX?>iI«? , */«CS3aS«JRff* 
^Ti-StJlWWS^WWBft* (c d/A) fi*#< 

«3t*-S' b3-2, 3 - 3 CD*— 
##7 OOAcDfcOti&flH 8 c d / AZi£z-Z%M%> 

mtmhnit.-^, s» k 3 - 2 , 3-3 

^HjS1^J¥* s 3 0 0 A, 5 0 0AWt(Ottl8cd/ 
A, 2 8 c d/Ae«(0«L^#t>ix/i^ofc„ SStt^. 
-i/ h 3 - 2, 3-3cD*— /UliiiygJBIJ?^ 7 0 OA© 
*T-I±. HMSt»*3-=y b^fc^jjfjl 6 c d/A (4 8 
c d/A-S-3) {Cffi^L-C*3 9, ±X<0 (3<B<D) 

&sa>b#££tmffi-c£>sA 1 it®*-e<o^#^ (H 

S^i¥tBSf*Sr*i:fcfc<D) #£Xl/4j£ft<DI&i& 
3gft&S<Dl/48i;g, 3/4i&ft, 5/4«ftlC/io 
4) <0 3a3®W^0^3t^^^ 9lC^iH% 

4fc*HJfi^I (HJSM4) ^-c#f>Jxfc3g^wrt-e, « 

iSromat^ (4 8 c d/A) sr^s^w^jt^-i 

9 WW*, SWl©^ (Utt^--* h#HB) , m 
MM I nm* «Wfc«yb#2» nmtX-^9 Y>\> 
£cDittfccofc«>, Ell 6lcfc*£JtX^5 
[00 6 1] Hife#J5 (2®<D&%*.-y V<Dm%*<< 
9 WudSHWcgftSi&T-X, fr-r>&%%=L-y h<D& 



KDV205 iswtft^-rwj*) z-frLxmrnisfrtf, 

Wl^it 3 -^^ h3-2<Oo-NPDA»?>fll^t$ix5* 
-/Wt^iigco©J?5r 3 0 OA, 500 A, 700 Aw 3 

«S{c^ffc^3as<oa«ic^u-c, ji&siuF* 

0 3 0, ID 3 l&U^S 2 + , O/c ? M2-t 

ti?ti, z.nzmm^mM-^-t^^ns. (cd/ 

m 2) -SflE (V) (mA/cm2) -« 

ffi (V) #14, S«E2b* (c d/A) -ftttttft (mA 
/cm2) Sr^-r^T^T'fcSo *fc> fcldiW (3U6 
0H5) W3aS<D^(D5g3t^^^ Wl-£02 OUItf 

•fo @3 2»c^$ix5ii , j, ^ti^zmm^mm^-r 

Stix^ix©*^ ( c d / A) < ^/<c 

t) , &%=>-=l y y 3 - 2 o*-/HUil«^Ji:/4 s 7 o o A 
(Dt>w«, *iii8 c d/A«:i@^5*««S»** J #bHfc 
— 56*3.=- s/ h 3 - 2 /P-tftayiSiJ?* 5 3 0 0 
A, 5 0 0 Arot(Oli6. 5 cd/A, 4cd/Afiar 
©fflEU^fett/id^ofc. 5l3t3.=-j/ h 3-2W*— 

mmmiBimtf 7 0 0 a©^ii, wfe«#tm-e*>5* 

fn-DPVB i ©583tte11*»e>3tSJ»««T?*>5A 1 
«!l/4SEM3fgt^tV^ (S^t^ttfc) M 

[oo62] mmm6 {■m^^±m<r>mwmK^-ri>m 

^s»*^ 2 0 TbW. 2 2 fc§a®W r^coliR^^J t? 
fct), *»o, |j|*«4lJ:iB«SiT/SS#584S«r«/«-f 
•5 (a) fc (b) *Sjg-^$lxTV^^) 

4 i K^-rasfltifSr^rr ^*^^w^t«e likt-* 

»3g1--5. £3l#Jl irl^C^IS-C, [010 (a)] 

®.mfmm&m-*x9 4 o (010© (b) ) 

X, 383t^S'h3-l£)*JRLf::o "f^^*>, a-N 
PDS:600A, Alq:C545T=100: 1 Wjf 

Sr7 o o Avmzicmicf&mvtz. j^fi- r^o^K^ 

Uti l] 




L i q irB&IE-rS^t^fcS) S:, 10Acol?^tCfiS;^ 
LX, »ric««5£4JHi: bXA 1 S:^«ifi« 1 A/# 
XI 5 AcoJS£K:^U r^©»SJt±*JlJ Sr^fiS; 
Lfco We r-t©»R*£:£j£Jij co±{cm^5l* 
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14-lttT, V2O5 (Smt^-Ti/VJ*) ia-N 
PD©I^I (^e/Ht* ; V2O5 : a-NPD = 4 : 

1) Sr, j£JSi§&2 A/g>-?2 0 0 A©J?${C1J5£J&L 
fc„ rwmffi$8^fc^&4fcJ*)8l/B&JB^*?4 0 [0 
10© (b) ) £#LTfi£)giLfc. ^THIWjsKJRffi 
41-7^^0 cm iow (b) ) oJJ, fifr&toxg 

£ t ? -«**) ig L-C$gft^- y h 3 - 2 £j£Jg| 

a-NPD5r600A, Al q :C545T 
= 10 0: 1 (SftJt) <DJ1£ 7 0 0 A, L i q Sri 0 

aojpsic m».0.m^tc o mm&mstisx 

gfi^lfflil^?4 1 [El 10 co (c) ) £:frL 

t, a 1 ZMi&ftg. 1 0 A/fi>-e 1000 Aom^icm 

*U CH10O (d) ) L * 
«E L*^4r#fc. l£iei-<fcoT$83t£WettlftO. 2 
cm, «0. 2cm©EWi:/ < Cofc, r<0^T«IEL 

at^c&^-c, mmmmx-hz i ToiiMSt-fcs 

A 1 fcORHt, KfitSJESrEWnLT, 3S#J1 (A 1 q : 
C 5 4 5 T©M*I) a^<0&63gftWft#t££8!J5g: 
Lfc. 04 2. 04 3, m4 4RXfm4 5^<09zfu y 
MS*:*Ve*V, ifflif (11160116) WffS (cd/m 

2) -nffi (v) W4. n,m®m (mA/c m 2) -®ee 
(v) m.mfom (c d/A) -mafass ua/ 

c m2) ifctt, $g##J* ( 1 m/W) -ffl* ( c 

^jfeSWitSr^-t-Slt^^ (I TO/a-NPD, 6 
0 OA/A 1 q : C 5 4 5T= 1 00 : 1, 7 0 0 A/ 
Liq, 1 OA/A 1 ) STffrfcU24 275SH4 5^»C 

tt, ifSOit^^tifc^T^Bmat^^ (tM>TI±& 
^■S**) » % 2fgj£<f^#<|p|±Lfc. roift^ (31 
t> (SIJ6#ll) tTOc, 5iMt^5?*A 
(V 2 0 5 ) £*-/l-mm&ft?--ChZ>7V-A'TS.>'it 
a -NPDt W^IST-^bSTcS^J- xznm 

&wsmm*±f&Lx^z (v 2 o 5 -+a-NPD + ) 

Z-hti* 5Wtit'<1-i?9J» (V2O5) io-NPDWS 

lt«mbl-cv*s. *fc ±ts&nm 

00 (1) ) >5ST/U*y^JS (^IBIIifeMfttL i ) ^ 

y^o^y^Al q#$<D«^(fti^L-&*9 
JR^t<Ojg'g-JiT-*>oTt<t< (±gE«fB32 0 0 0- 

1 8 2 7 7 4#^«#fi9) , l£#*St&Jgi!g#££/i/-?^ 
Z>J8x-i>>fHi£\<\ <D«K£li, 

m^tt-OS?) (#fiSHS::J. En do, T. Ma t 
sumoto, and J. K i d o, Jpn. J. A 
ppl. Phys. Vol. 41 (2002) pp. L 
800-L803) . SfJfEM^E L&*<Dfem\C&+ 



[0 0 6 3] ##01 («sr»*Ji««3it»a: (o • c 

m) OSJ^) 

Jtfitft (Q • cm) (DSO^ifeli, $$JS^rottJgin<£>fii 

(i^vi^) icioT2a«(o*fet:sy^Lfco mi(om 

(in 3 3 s t/H 3 4 ic^-rf - v K-f v j-mfetox&fiffi 
mmx=F) -cflne«:fTV\ ep*p«e (v) £tt8B£tt* 
bsobsjs (cm) (o*«j«ffiHEiii) avCj^tvsm 
*&e (v/cm) t, ^aumsfc (a) tnmmnzm 
mnmrnm (c m 2) t«>f>'#?,ft5SM« (a/ c 

m2) t<Oit C (V/cm) / (A/c m 2) = (Q • c 

m) ) frbwmi-tc znmfemzm^zv-i'h'j y?- 

ds-r?t5, i3 3ti, i£t&tfM{mmm i ?-<nw-&m. 03 
4i4^w»fffiiaT-fcs„ M:#ma-±mifoM. mmmtm 

mcmiO (b) »C7^$ii5->-ir 4 OSrffiffl 

LT2mmi|ig<0 I TOiffil 6 ±»C (^tc<fc t> 2 mm 

ii«a 1 m«±t-) mm<tomte$tft&.mmi>'* k— 

* LX&Wfc® 1 8 ^FfMco/KJJir^S J: 0 \zM% 
b> *miC|DU-< 2mmi|®«OT/W5- l ?i».Sffil 7 Sr I 
TOSffil 6 irB3?-r?)J:^{-fi£)KL-T, kb&ifmffim 

m+zttmLito m2©aa^»»i, Jt^^s^/h^ 
mmRim : T-*m^xmi£-rz>o i-^t>*>. mssfti/iii 

3 6 iC^Lfci 5 SSI 9±<0|r)— ^F®±^«}|» 
®2 0, |^®2 1 kte&WM&ffi'feBiM (L cm) PR 

y)2 2<DM%nm*W\fev>fflat& (w cm) sr^r-r^ 

T#l£ffl&«^**£r;frL-T\ SfJEogW (t c 
m) .*j£0H-&. iO^#f>H5SiE (V/cm) 
tt, SJJPmiE (V) *W@tSmi& (L cm) T'l^L-C 
gLtH£*t, (A/cm2) «mi8!l«^ (A) Sr 

S»5«SHS««ro»r®«l (rwii^-ltwx t c 
m2) -C'I^L-C^tn$^5„ r««»cLT#P>nfcfit^ 

(Q • cm) SrgltnLfc. 

[0 0 6 4] 037 tCitffi^(OS!l^*S:^-r. ^80^ 

mnwm.. 1 to (3mts#ffi , v 2 o 5 (*isw 

{C*3^2>S^f5S4€) , V 2 0 5 t a-NPD©*^)S 
(V2O5: a-NPD=4 : 1, 1:1, 1 : 2(03t 
gW-e/Ht) (*^MtC*5»t^«W^^) , v 2 o 5 t 
2-TNATA(D*^*lS (V 2 0 5 : 2 — TNAT A = 
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